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In a randomized comparison of nevirapine or abacavir with 
zidovudine plus lamivudine, routine viral load monitoring 
was not performed, yet 27% of individuals with viral failure 
at week 48 experienced resuppression by week 96 without 
switching. This supports World Health Organization recom- 
mendations that suspected viral failure should trigger adher- 
ence counseling and repeat measurement before a treatment 
switch is considered. 
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Combination antiretroviral therapy (cART) has led to declining 
morbidity and mortality in resource-poor settings [1, 2], and 
scale-up at the end of 2012 had reached 9.7 million human immu- 
nodeficiency virus (HlV)-infected individuals worldwide [3], Op- 
timal utilization of first-line cART and switch to second-line 
therapy in resource-poor settings is a priority. World Health 
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Organization (WHO) guidelines recommend routine viral load 
monitoring (VLM), and switch to second-line therapy is recom- 
mended after 2 viral load measurements >1000 copies/mL follow- 
ing adherence counseling [4]. However, the WHO document 
recognizes that the evidence base for VLM itself is weak. Given 
that such a monitoring strategy is likely to be a huge burden for 
most resource-limited settings, it is important to increase the evi- 
dence base. Furthermore, there is a limited body of data on how 
viremia evolves on therapy in absence of VLM, and the impact 
on emergence of drug resistance; such information is needed to in- 
form treatment guidelines. 

The Development of Anti Retroviral Therapy in Africa 
(DART) study compared clinical monitoring only with clinical 
and laboratory monitoring (CD4 and routine blood tests in- 
cluding biochemistry and full blood count), with switch to 
second-line therapy on clinical and immunologic criteria. 
This study demonstrated good clinical outcomes in both arms 
over the 5-year follow-up period [5]. In a substudy of DART, 
a comparison of zidovudine (ZDV)/lamivudine (3TC)/nevira- 
pine (NVP) vs ZDV/3TC/abacavir (ABC) (NORA Study) 
showed triple nucleosides (ZDV/3TC/ABC) to be associated 
with higher rates of virologic and immunologic failure than the 
nonnucleoside reverse transcriptase inhibitor (NNRTI) -based 
regimen (ZDV/3TC/NVP) at 48 weeks [6, 7], Here we report 
virologic outcomes at 96 weeks, demonstrating substantial resup- 
pression following earlier viremia despite not switching. 

METHODS 

The NORA Study enrolled 600 previously untreated and 
asymptomatic Ugandan participants with CD4 counts of 
<200 cells/uL, randomly assigned to coformulated ZDV/ 3TC 
and either ABC and NVP placebo (ABC arm), or ABC placebo 
and NVP (NVP arm). Each drug was taken twice daily. After 24 
weeks, participants continued to receive the study drugs open 
label and were followed as part of DART for a minimum of 4 
years. In a separate randomized substudy, participants with a 
CD4 count >300 cells/uL at 48 or 72 weeks after ART initiation 
were eligible to be randomized to continuous therapy or struc- 
tured treatment interruption (STI) with repeated 12-week peri- 
ods on or off therapy [8]. Viral loads were retrospectively 
measured using Roche Amplicor 1.5. 

Analyses were based on participants who were alive, in fol- 
low-up, and still on first-line therapy at week 96, and who 
were not randomized to the STI arm in the STI substudy. 
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Although the latter exclusion was essential because of the effect 
of STIs on viral load (and also possibly development of drug re- 
sistance), it introduces a different bias as eligibility for the STI 
substudy was related to earlier viral load values via the CD4 
count inclusion criterion. The effect of this is the selective exclu- 
sion of participants with a good early virologic response and 
therefore, in crude analyses, underestimation of the rate of viral 
suppression at week 96. To account for this bias, inverse probability 
weights (separate for the 2 NORA arms) were used to up-weight 
participants who were randomized to continuous therapy. 

Week 96 samples with a viral load >1000 copies/mL under- 
went resistance testing by standard population sequencing of 
pol [6]. The frequencies of resistance-associated mutations [9] 
were calculated both for all participants (intention-to-treat) 
and for participants who had made no major substitutions 
(denned in the Results section) to their initial regimen (on- 
treatment). Participants with baseline resistance were excluded 
from analyses of resistance. 

Ethics approval both for DART and the NORA substudy was 
obtained both in Uganda (Uganda Research Unit on AIDS Sci- 
ence and Ethics Committee) and the United Kingdom (Imperial 
College). 

RESULTS 

Of the 600 participants randomized in NORA (300 ABC arm, 
300 NVP arm), 32 died before week 96 (13 ABC, 19 NVP), 21 
were lost to follow-up (10 ABC, 1 1 NVP), and 107 were random- 
ized to structured treatment interruption (37 ABC, 70 NVP). 
Seven participants (4 ABC, 3 NVP) switched to a second-line 
regimen based on lopinavir/ritonavir after week 48 and are ex- 
cluded from all analyses; all achieved virologic suppression by 
96 weeks. The number left for evaluation at week 96 was 236 
and 197 in the ABC and NVP arms, respectively (Supplementary 
Figure 1). Twenty-five (11%) participants made a substitution in 
the ABC arm (from ABC to NVP or tenofovir [TDF]) and 28 
(14%) in the NVP arm (from NVP to ABC or TDF). 

Consistent with previously reported week 48 data [6], the dis- 
tribution of viral load at week 96 differed between the 2 arms 
(P < .001; Table 1), with a greater proportion of participants in 
the NVP arm achieving viral load suppression <1000 copies/ 
mL. The viral load in the majority of participants with suppres- 
sion was <200 copies/mL in both arms (91% and 95% of those 
<1000 copies/mL in the ABC and NVP arms, respectively). 
Table 1 shows the association between viral load at week 48 and 
week 96 for individual participants. Participants with viral 
load <1000 copies/mL at week 48 were likely to remain <1000 
copies/mL at 96 weeks, although more so in the NVP arm (96% 
[149/156]) than in the ABC arm (82% [148/180]) (P= .003). 

Nineteen of 70 (27%) of individuals (12/46 ABC vs 7/24 NVP; 
P = .82) with viral load >1000 copies/mL at week 48 experienced 
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resuppression by week 96, indicating issues with adherence. 
Sixty-seven of these 70 patients had drug resistance data at 
week 48; 10 of 57 (18%) individuals with at least 1 major muta- 
tion at week 48 had experienced resuppression by 96 weeks. Re- 
sistance patterns present in these 10 individuals were Ml 84V 
(n = 3), M184V + D67N, M184V + T215Y, M184V + Y181C, 
M184V + D67N + K70R (n = 3), and Y188C. Among the remain- 
ing 10 individuals who had no resistance mutations at week 48, 7 
(70%) were resuppressed, suggesting an improvement in adher- 
ence after week 48. Two of 3 individuals with no resistance re- 
sult available at week 48 experienced resuppression by week 96. 

Of 91 participants with viral load >1000 copies/mL) at week 
96, 87 (96%) had a genotype available. Five (4 ABC, 1 NVP) 
participants with baseline resistance were excluded, leaving 82 
(59 ABC, 23 NVP) patients for analysis. The frequencies of mu- 
tations for both the intention-to-treat and on-treatment popu- 
lations are given in Supplementary Table 2. The following 
description focuses on the on-treatment population for simplic- 
ity. A high proportion of failures in the NVP arm had major 
NNRTI resistance at week 96 (95%). Thirteen (68%) had only 
1 NNRTI mutation, and 5 (26%) participants had 2 NNRTI 
mutations. The Ml 84V mutation, conferring resistance to 
3TC, was highly prevalent (90% ABC, 89% NVP). The propor- 
tion of participants with >3 thymidine analogue mutations 
(TAMs) at week 96 was similar between the ABC group 
(49%) and the NVP group (42%) (P = .79). In the former 
group, ABC-specific mutations L74V and K65R were each 
seen in 1 individual. The pan-nucleoside resistance mutation 
Q151M was not observed in any individual. 

DISCUSSION 

We present 2-year virologic data from the DART-NORA study, 
highlighting the very good suppression rates achieved using 
ZDV/3TC and NVP. Viral failure as defined by WHO [4] was al- 
most 3-fold higher with triple nucleoside reverse transcriptase in- 
hibitors (NRTIs) containing ZDV/3TC/ABC compared to that 
seen in ZDV/3TC/NVP-treated individuals, and supports the 
recommendation that this combination not be used for first- 
line therapy in adults when alternative drugs are available. 
There was a high prevalence of extensive NRTI cross-resistance 
following viral failure at week 96, with almost half of patients in 
each treatment arm having >3 TAMs, consistent with other stud- 
ies in resource-limited settings [ 10, 1 1] . Nonetheless, in vivo resid- 
ual activity of approximately 1 log in viral load was observed in 
both NORA treatment groups overall [12]. The residual activity 
in the NVP group was lower than the triple NRTI group, consis- 
tent with NNRTI mutations conferring high-level resistance [13]. 

We noted that most individuals treated with NVP who devel- 
oped NNRTI resistance had a single mutation only, consis- 
tent with previous reports examining viral failure with both 



efavirenz- and NVP-containing regimens [14-17]. This ques- 
tions the assumption that prolonged viral failure necessarily 
leads to accumulation of NNRTI mutations. 

Most importantly, we found that one-quarter of individuals 
with viral failure (>1000 copies/mL) at week 48 experienced re- 
suppression at 96 weeks even though real-time viral load testing 
was not undertaken. This was most likely due to an improve- 
ment in adherence. It is notable that resuppression occurred in 
the presence of major resistance mutation(s) at week 48 and no 
change in therapy, suggesting that strong antiviral activity is pos- 
sible despite reduced viral susceptibility, although the role of ad- 
herence cannot be ignored. Drug substitutions due to poor 
tolerability/side effects did not account for the observed changes 
in viral load. In South Africa, where real-time viral monitoring 
has taken place, substantial rates of resuppression without mod- 
ification of ART have also been reported, even in patients with 
NNRTI resistance [18]. Where VLM is introduced more widely, 
our data support WHO recommendations that suspected viral 
failure should be addressed by adherence counseling as well as 
repeat measurement before consideration of treatment switch. 
Such counseling might identify specific issues with the regimen 
and culminate in a treatment substitution to achieve a better fit 
for the patient and therefore better adherence. 

Supplementary Data 

Supplementary materials are available at Clinical Infectious Diseases online 
(http://cid.oxfordjournals.org/). Supplementary materials consist of data 
provided by the author that are published to benefit the reader. The posted 
materials are not copyedited. The contents of all supplementary data are the 
sole responsibility of the authors. Questions or messages regarding errors 
should be addressed to the author. 

Notes 

Acknowledgments. We thank all the participants and staff from all the 
centers participating in the NORA and DART trial. 

MRC/UVRI Uganda Research Unit on AIDS, Entebbe: H. Grosskurth, 
P. Munderi, G. Kabuye, D. Nsibambi, R. Kasirye, E. Zalwango, 
M. Nakazibwe, B. Kikaire, G. Nassuna, R. Massa, K. Fadhiru, M. Namyalo, 
A. Zalwango, L. Generous, P. Khauka, N. Rutikarayo, W. Nakahima, 
A. Mugisha, J. Todd, J. Levin, S. Muyingo, A. Ruberantwari, P. Kaleebu, 

D. Yirrell, N. Ndembi, F. Lyagoba, P. Hughes, M. Aber, A. Medina Lara, 
S. Foster, J. Amurwon, B. Nyanzi Wakholi. Joint Clinical Research Centre, 
Kampala, Uganda: P. Mugyenyi, C. Kityo, F. Ssali, D. Tumukunde, 
T. Otim, J. Kabanda, H. Musana, J. Akao, H. Kyomugisha, A. Byamukama, 
J. Sabiiti, J. Komugyena, P. Wavamunno, S. Mukiibi, A. Drasiku, 
R. Byaruhanga, O. Labeja, P. Katundu, S. Tugume, P. Awio, A. Namazzi, 
G. T. Bakeinyaga, H. Katabira, D. Abaine, J. Tukamushaba, W. Anywar, 
W. Ojiambo, E. Angweng, S. Murungi, W. Haguma, S. Atwiine, J. Kigozi. Uni- 
versity of Zimbabwe, Harare: A. Latif, J. Hakim, V. Robertson, A. Reid, 

E. Chidziva, R. Bulaya-Tembo, G. Musoro, F. Taziwa, C. Chimbetete, 
L. Chakonza, A. Mawora, C. Muvirimi, G. Tinago, P. Svovanapasis, 
M. Simango, O. Chirema, J. Machingura, S. Mutsai, M. Phiri, T. Bafana, 
M. Chirara, L. Muchabaiwa, M. Muzambi. Infectious Diseases Institute (for- 
merly the Academic Alliance), Makerere University, Mulago, Uganda: 
E. Katabira, A. Ronald, A. Kambungu, F. Lutwama, A. Nanfuka, 
J. Walusimbi, E. Nabankema, R. Nalumenya, T. Namuli, R. Kulume, 
I. Namata, L. Nyachwo, A. Florence, A. Kusiima, E. Lubwama, R. Nairuba, 



HIV/AIDS • CID 2014:58 (1 April) • 1025 



F. Oketta, E. Buluma, R. Waita, H. Ojiambo, F. Sadik, J. Wanyama, P. Nabongo. 
The AIDS Support Organisation, Uganda: R. Ochai, D. Muhweezi. Imperial Col- 
lege, London, UK: C. Gilks, K. Boocock, C. Puddephatt, D. Winogron, 
J. Bohannon. MRC Clinical Trials Unit, London, UK: J. Darbyshire, 
D. M. Gibb, A. Burke, D. Bray, A. Babiker, A. S. Walker, H. Wilkes, 
M. Rauchenberger, S. Sheehan, L. Peto, K. Taylor, M. Spyer, A. Ferrier, 

B. Naidoo, D. Dunn, R. Goodall. Independent DART Trial Monitors: 
R. Nanfuka, C. Mufuka-Kapuya. DART Virology Group: P. Kaleebu (Co- 
Chair), D. Pillay (Co-Chair), P. Awio, M. Chirara, D. Dunn, D. M. Gibb, 

C. Gilks, R. Goodall, A. Kapaata, M. Katuramur, F. Lyagoba, R. Magala, 

B. Magambo, K. Mataruka, A. McCormick, L. Mugarura, T. Musunga, 
M. Nabankkema, J. Nkalubo, P. Nkurunziza, C. Parry, V. Robertson, 
M. Spyer, D. Yirrell. DART Health Economics Group: A. Medina Lara 
(Chair), S. Foster, J. Amurwon, B. Nyanzi Wakholi, J. Kigozi, 
L. Muchabaiwa, M. Muzambi. Trial Steering Committee: I, Weller (Chair), 
A. Babiker (Trial Statistician), S. Bahendeka, M. Bassett, A. Chogo Wapakha- 
bulo, J. Darbyshire, B. Gazzard, C. Gilks, H. Grosskurth, J. Hakim, A. Latif, 

C. Mapuchere, O. Mugurungi, P. Mugyenyi; Observers: C. Burke, S. Jones, 

C. Newland, S. Rahim, J. Rooney, M. Smith, W. Snowden, J.-M. Steens. Data 
and Safety Monitoring Committee: A. Breckenridge (Chair), A. McLaren 
(Chair — deceased), C. Hill, J. Matenga, A. Pozniak, D. Serwadda. Endpoint 
Review Committee: T. Peto (Chair), A. Palfreeman, M. Borok, E. Katabira. 

Author contributions. The NORA substudy was conducted by 
P. M. and C. K., and C. F. G. was part of the UK coordinating team. C. F. G, 

D. P., P. K., and R. L. G. were involved in the design and coordination of the 
virology substudy. L. M. carried out HIV RNA assays, and F. L. conducted 
the genotyping. R. L. G. conducted the analyses with M. R. All authors con- 
tributed to interpretation of the data. R. K. G. and R. L. G. wrote the first 
draft of the paper. All authors revised the manuscript critically and approved 
the final version. R. L. G. had full access to all the data in the study and takes 
responsibility for the integrity of the data, the accuracy of the data analysis, 
and the decision to submit for publication. 

Disclaimer. The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript. 

Financial support. DART was funded by the UK Medical Research 
Council, the UK Department for International Development, and the Rocke- 
feller Foundation. First-line drugs for NORA were provided by GlaxoSmith- 
Kline and Boehringer Ingelheim. Additional support for viral load and 
resistance assays in NORA was provided by GlaxoSmithKline. This work was 
partly supported by the European Community's Seventh Framework Pro- 
gramme (FP7/2007-2013) under the project "Collaborative HIV and Anti- 
HIV Drug Resistance Network (CHAIN)" (grant agreement number 
223 131). R K. G. is funded by a Wellcome Trust FeUowship (WT093722MA). 

Potential conflicts of interest. All authors: No reported conflicts. 

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the 
content of the manuscript have been disclosed. 

References 

1. Mermin J, Were W, Ekwaru JP, et al. Mortality in HIV-infected Ugan- 
dan adults receiving antiretroviral treatment and survival of their HIV- 
uninfected children: a prospective cohort study. Lancet 2008; 371:752-9. 

2. Tanser F, Barnighausen T, Grapsa E, Zaidi J, Newell ML. High coverage 
of ART associated with decline in risk of HIV acquisition in rural Kwa- 
Zulu-Natal, South Africa. Science 2013; 339:966-71. 

3. United Nations Joint Programme on HIV/AIDS. Global update on HIV 
treatment 2013. Available at: http://www.unaids.org/en/media/unaids/ 
contentassets/documents/unaidspublication/20 13/20 1 30630_treat 
ment_report_summary_en.pdf. Accessed 17 July 2013. 



4. World Health Organization. Consolidated guidelines on the use of an- 
tiretroviral drugs for treating and preventing HIV infection. Available 
at: http://www.who.int/hiv/pub/guidelines/arv2013/download/en/index. 
html. Accessed 14 July 2013. 

5. Mugyenyi P, Walker AS, Hakim J, et al. Routine versus clinically 
driven laboratory monitoring of HIV antiretroviral therapy in 
Africa (DART): a randomised non-inferiority trial. Lancet 2010; 
375:123-31. 

6. Ndembi N, Goodall RL, Dunn DT, et al. Viral rebound and emer- 
gence of drug resistance in the absence of viral load testing: a ran- 
domized comparison between zidovudine-lamivudine plus nevirapine 
and zidovudine-lamivudine plus abacavir. J Infect Dis 2009; 201: 
106-13. 

7. Munderi P, Walker AS, Kityo C, et al. Nevirapine/zidovudine/lamivu- 
dine has superior immunological and virological responses not reflected 
in clinical outcomes in a 48-week randomized comparison with abaca- 
vir/zidovudine/lamivudine in HIV-infected Ugandan adults with low 
CD4 cell counts. HIV Med 2010; 11:334-44. 

8. DART Trial Team. Fixed duration interruptions are inferior to contin- 
uous treatment in African adults starting therapy with CD4 cell counts 
< 200 cells/microl. AIDS 2008; 22:237-47. 

9. Johnson VA, Calvez V, Gunthard HF, et al. 2013. Update of 
the drug resistance mutations in HIV-1: March 2013. Available at: 
http :// www.iasusa.org/sites/ default/ files/ tam/2 1 -l-6.pdf. Accessed 1 
October 2013. 

10. Hosseinipour MC, van Oosterhout JJ, Weigel R, et al. The public health 
approach to identify antiretroviral therapy failure: high-level nucleoside 
reverse transcriptase inhibitor resistance among Malawians failing first- 
line antiretroviral therapy. AIDS 2009; 23:1127-34. 

11. Sungkanuparph S, Manosuthi W, Kiertiburanakul S, Piyavong B, 
Chumpathat N, Chantratita W. Options for a second-line antiretroviral 
regimen for HIV type 1-infected patients whose initial regimen of a 
fixed- dose combination of stavudine, lamivudine, and nevirapine 
fails. Clin Infect Dis 2007; 44:447-52. 

12. Dunn DT, Goodall RL, Munderi P, et al. Residual activity of two HIV 
antiretroviral regimens prescribed without virological monitoring. Anti- 
microb Agents Chemother 2011; 55:4575-80. 

13. Piketty C, Gerard L, Chazallon C, et al. Virological and immunological 
impact of non-nucleoside reverse transcriptase inhibitor withdrawal in 
HIV-infected patients with multiple treatment failures. AIDS 2004; 18: 
1469-71. 

14. Bacheler LT, Anton ED, Kudish P, et al. Human immunodeficiency 
virus type 1 mutations selected in patients failing efavirenz combination 
therapy. Antimicrob Agents Chemother 2000; 44:2475-84. 

15. Aghokeng AF, Kouanfack C, Eymard-Duvernay S, et al. Virological out- 
come and patterns of HIV- 1 drug resistance in patients with 36 months' 
antiretroviral therapy experience in Cameroon. J Int AIDS Soc 2013; 
16:18004. 

16. Torti C, Pozniak A, Nelson M, Hertogs K, Gazzard BG. Distribution of 
K103N and/or Y181C HIV-1 mutations by exposure to zidovudine and 
non-nucleoside reverse transcriptase inhibitors. J Antimicrob Chemo- 
ther 2001; 48:113-6. 

17. Hanna GJ, Johnson VA, Kuritzkes DR, et al. Patterns of resistance mu- 
tations selected by treatment of human immunodeficiency virus type 1 
infection with zidovudine, didanosine, and nevirapine. J Infect Dis 
2000; 181:904-11. 

18. Hoffmann CJ, Charalambous S, Sim J, et al. Viremia, resuppression, and 
time to resistance in human immunodeficiency virus (HIV) subtype C 
during first-line antiretroviral therapy in South Africa. Clin. Infect Dis 
2009; 49:1928-35. 



1026 • CID 2014:58 (1 April) • HIV/AIDS 



